Towards quality control for DNA microarrays.
We present a framework for detecting probes in oligonucleotide microarrays that may add significant error to measurements in hybridization experiments. Four types of so-called degenerate probe behavior are considered: secondary structure formation, self-dimerization, cross-hybridization, and dimerization. The framework uses a well-established model for computing the free energy of nucleic acid sequence hybridization and a novel method for the detection of patterns in hybridization experiment data. Our primary result is the identification of unique patterns in hybridization experiment data that are shown to correlate with each type of degenerate probe behavior. A support function for identifying degenerate probes from a large set of hybridization experiments is given and some preliminary experimental results are given for the Affymetrix HuGeneFL GeneChip. Finally, we show a strong relationship between the Affymetrix discrimination measure for a probe and the free-energy estimate from theoretical models of hybridization. In particular, probes on the HuGeneFL GeneChip with high free-energy estimates (weak hybridization) have almost always approximately zero discrimination. The framework can be applied to any Affymetrix oligonucleotide array, and the software is made freely available to the community.